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Summary

|mpedance of APS storage ring will be characterized

by
= Construction of impedance database

= Validation through measurement and tracking
simulation

Outline of talk

|.  Introduction to wakepotential and impedance

[I. Old method and its limitation: motivation for
developing new method

[11. Impedance database
V. Schedule for completion

V. Conclusion



|. Introduction to wakepotential and
Impedance

Wakefield
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Flectric Field Lines Ryt 2:49 (ps)

ABCIB8.7: RF Sector: 4 APS Cavity+Transition; sigz=5mm; ubt=10m
SIG= 0.500 cm, Min/Max= 5.846E—02/ 2.280E+00(C), Flux Between Lines= 1.169E-01(C)
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Wakepotential

rf-transiiton + cavities: testing fransition interference
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Sz=bmm, dr=1mm, dz=0.5mm, ubt=1m, L{tube)=25cm (9/9/02)



Wakepotential-to-l mpedance
Wakepotential of bunched beam

V(1) = [W(t-t)I (')t

Define impedance

W(t) - Z(a)

= Then,

_V(e)

Z(w) (@)

= Impedance relates harmonic components of voltage

and current. Thus its unit is Ohm, same as circuit
definition=>» Broadband Resonator (BBR) Model



1. Old Method and Its Limitation




Broadband Resonator M odel
» Definition (R-L-C circuit model)

R
1+ jQ(w/ w, — w, | W)

» What wereally need is

Z) _HAH (@@ )+ QM- (@l e ¥

N On g w/w)+QiL-(w/w F1*
a

wheren =—

Wy

= Only 3-parameters to determine > Q. ar, (Z/n)g

» |tiscustomary to assume
Q=1 a,=c/b.

» Then only unknown parameter is

(Z / n)O

-> A number to characterize the whole
impedance

> | mpedance Budget Table




| mpedance Budget
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(Compiled by W. Chou, H. Bizek, L. Emery, Y.C. Chae)



| mpedance Estimate by Tune Slope
M easur ement

Tune Shift vs. Current per Bunch
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*Tune Slope Measurements. Zt = 0.4 Mohm (S. Milton,
1996)
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I[11. | mpedance Database

= Godl

Wakepotential (APS Storage Ring) =
20* (8mm ID Chamber) + 2* (5mm ID Chamber) +

400* (BPM) + 80* (C2 Crotch Absorber) +

» Standardize Wakepotential

1. Datain SDDS format
- S, Wx, Wy, Wz

2. Uniform ssimulation conditions
rms bunch length =» SIGz =5 mm,
mesh size = dz = 0.5 mm,
wakelength = SBT =0.3m

3. Deposit the authorized wakepotentialsin
~chae/l mpedanceDatabase/SR
=» Avallable to everyone to read files



Vacuum Chamber Components

« Old components (experience)
- Insertion Device Chambers
- RF Cavities + Transition
- Crotch Absorbers
- Horizontal/V ertical Scrapers
- Septum Intrusion

- Stripline Monitors.......

= New components
- BPMs
- SR absorber between rf cavities

- Vacuum port (slotted rf screen)

- Shielded bellow
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Example: Insertion Device Chambers
e Insertion Device Chambers

- 5-mm-gap chamber
- 8-mm-gap chamber
- 12-mm-gap chamber

« Stepstaken for 3-D Wakepotential

|. 2-D ABCI calculation for circular
chamber (High confidence)
I1. 2-D ABCI vs. 3-D MAFIA for circular
pipe (Compare)
111. 3-D MAFIA for elliptical chamber
(Final result)



2-D ABCI vs. 3-D MAFIA (Compare)

Geometry

MAFIA ID gap chamber constriction. (gap=8mm) 10/14/02 15:18:18 1
CONTENT:

3D-BOX P
WATERIALS: _\t\\\\\\\“

FILAMENTS:

Results

ABCI vs. MAFIA (ID 8mm Gap Chamber, 7/5/02)
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3-D MAFIA Reaultsfor Elliptical ID
Chamber (Wakepotential & | mpedance)
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V. Schedulefor Completion

= Goal
Complete “I mpedance Database + Validation”
in 8 months (by April 2003).

= Collaborationsfor I mpedance
Database

- Drawings provided by Mechanical and
Design/Drafting Group

- Pro/E-based modeling will be interfaced with the
commercialized version of MAFIA (Computer
Support and Design/Drafting Group)

- SDDS software support by OAG (Wakepotential
combiner, Impedance fitting)

- Wakepotentia calculation by Accelerator Physics
Group (Chae), Diagnostic Group (X. Sun)



= Collaborationsfor Validation

- elegant on super-fast “clustered computer”
(supported by OAG)

- Three different impedance/wakepotential options
available: impedance in numerical form, BBR
model impedance, quasi-wakepotential

- Chae and Harkay from APG and Sereno from
OAG will collaborate in the validation of
Impedance model via elegant ssimulation

We arelooking for the
collaboration between labsto
measur e the impedances by the
wire method.




V. Conclusion

» |mpedance database provides a uniform
framework to characterize the impedance of the
storage ring.

= Maintenance of SR impedance as new
components are added in the ring becomes
straightforward via “ standardized wakepotential .”

» Once the impedance model becomes validated,
we could predict “dynamic effect” before a new
component isinstalled in the ring.



